In 5 stations out of the 20, the ones which fall within the 5 classes of ecological status suggested by the Water Framework Directive, sedimentation rates, sediment grain-size, and nutrient and pollutant (metals, Polychloro-Dibenzo-Dioxins/Furans, Polycyclic Aromatic Hydrocarbons, Pesticides and Polychlorinated Biphenils) concentrations in surface sediments were also determined. Results showed strong relationships between the trends of these environmental parameters and the composition and structure of macrophyte associations, as well as with the Macrophyte Quality Index assessment. Chlorophyceae showed a trend opposite to Rhodophyceae whose presence was concentrated in oxygenated and transparent environments. Chlorophyceae and the species characterised by low scores prevailed in turbid areas where nutrient and pollutant concentrations were high. Results allowed the identification of the conditions of the ''reference sites'' (confinement areas and sites with high water renewal) and the integration of the dichotomic key used for the application of the R-MaQI.
Introduction
The protection and improvement of coastal and transitional waters are among the environmental priorities of the European Community as stated in the Water Framework Directive (WFD: 2000/60/EC) entered into force in December 2000 (Casazza et al., 2003a (Casazza et al., , b, 2004 Borja, 2005) . After the WFD came into force, studies on coastal waters and transitional environments started in Spain and Greece (Borja et al., 2000 (Borja et al., , 2003 (Borja et al., , 2004 (Borja et al., , 2006 (Borja et al., , 2007 Orfanidis et al., 2001 Orfanidis et al., , 2003 Simboura & Zenetos, 2002; Panayotidis et al., 2004; Simboura 2004 , Simboura et al., 2005 Arévalo et al., 2007; Ballesteros et al., 2007; Pinedo et al., 2007) . Some researchers from those countries proposed to assess the ecological status of estuarine environments by studying macrobenthic communities (AZTI Marine Biotic Index-AMBI- Borja et al., 2000 Borja et al., , 2003 Borja et al., , 2004 Borja et al., , 2007 Biotic index-BENTIXSimboura & Zenetos, 2002 , Simboura 2004 or seaweed taxonomic associations (Borja et al., 2004 ; Ecological Evaluation Index-EEI- Orfanidis et al., 2001 Orfanidis et al., , 2003 Panayotidis et al., 2004) because they mainly consist of sessile or quite sedentary organisms with a relatively long life span. Biological communities, which consist of different species, show a different tolerance even to brief environmental stress and can change their structure and taxonomic composition according to the environmental conditions.
Italy started to comply with the assessment of coastal waters in the early 1990s (Giovanardi & Tromellini, 1992; Ignatides et al., 1992; Innamorati & Giovanardi, 1992; Vollenweider et al., 1998) but transitional waters were disregarded for a long time. Those authors proposed the assessment of the trophic status of marine coastal waters by TRIX (Trophic Index), an index based on the elaboration of two groups of environmental variables, i.e. some trophic factors (nutrient and oxygen concentrations) and the concentration of Chl a. TRIX can be applied to coastal waters, but it is unsuitable for transitional environments (i.e. lagoons, bays, estuaries) which are affected by high environmental changes due not only to the proximity of the mainland and the shallowness of the bottoms but also to the presence of seagrasses and macroalgae which dominate over the phytoplankton (the only primary producer considered in that index).
The results obtained by some macroalgal taxonomic studies (Sfriso et al., 2002 (Sfriso et al., , 2006a Sfriso & La Rocca, 2005) in the Venice lagoon can be considered one of the first attempts to assess the ecological status of transitional environments by ecological quality elements in Italy, because they gave evidence of a high correlation between the Rhodophyceae/Chlorophyceae (R/C) ratio and the ecological status of the environment. Their rationale was based on the fact that, in general, in Mediterranean transitional environments the number of Chlorophyceae taxa prevails in eutrophic and polluted areas whereas the number of Rhodophyceae is more abundant in less polluted areas. However, since some species belonging to Gracilaria, Polysiphonia, Porphyra, Gracilariopsis, Grateloupia, etc. prevail in ''Bad-condition'' waters, the authors improved the index by excluding those Rhodophyceae from the calculation. The new index was named ''Corrected R/C index'' (Sfriso et al., 2006b ). The results were successfully used, but as the number of ''excluded species'' increased with the increase of transitional environments, it became difficult to apply the index.
Concurrently, some national programmes such as ''NITIDA'' (New trophic state and ecological integrity descriptors of coastal marine and transitional environments), co-funded by the Italian Ministry of Education, University and Research (MIUR) in 2003, started to implement the WFD requirements. NITIDA which included 5 projects carried out by different Universities and Research Centres (Ancona, Bari, Ferrara, Parma and Venezia) implemented the WFD mainly by selecting the biological indicators (macrofauna, macroalgae, seagrasses, phytoplankton, bacteria). The main objective was to assess the ecological status of transitional waters by working in different Italian lagoons (i.e. Lesina, Goro, Venice, Orbetello, etc.). The results obtained by Venice University were employed to set up a new Quality Index, based mainly on macrophytes (MaQI = Macrophyte Quality Index) in 2 versions for an expert (Sfriso et al., 2006a) and for a rapid assessment .
This paper aims at integrating and validating with hydrological and sedimentary parameters the results obtained by applying the expert and the rapid procedures. Particular attention was devoted to the choice of the reference sites and to the relationships between the different ecological conditions, single macrophyte taxa or taxa assemblages and the subdivision of the results into the 5 classes of ecological status suggested by the WFD.
Materials and methods

MaQI structure
The index was set up in 20 stations situated in the Venice lagoon. It was also calibrated in 17 additional sampling sites of the lagoons of Lesina, Orbetello, Marano, Goro and in the Mar Piccolo at Taranto.
It is an environmental assessment determination which takes into account the ecological value of all the macroalgal taxa and marine seagrasses found in the mentioned Italian transitional environments. MaQI is composed of an expert (E-MaQI) procedure (Sfriso et al., 2006a) , which is recommended when a new area is studied, and can then be repeated with a 3-6-year frequency or when the ecological conditions of the study area are changing, and of a rapid (RMaQI) procedure , which is recommended to the ARPAs (Agenzie Regionali per la Protezione dell'Ambiente, i.e. Regional Agencies for the Environment Safeguard) for routine assessment campaigns.
Expert-Macrophyte Quality Index (E-MaQI)
The E-MaQI took into consideration the macroalgal taxa present in many Italian transitional environments and their scores (Table 1) .
A large number of macroalgae present in the study sites were collected by SCUBA divers in a surface ranging from 15 to 50 m according to the area morphology. This width surface was judged to be the most suitable to find all the taxa present in the selected areas because samples taken in limited surfaces, as those obtained by using sampling frames, did not allow a complete species collection. In fact, macroalgae are differently distributed in the bottom depending on the kind of substrata (hard or soft), the exposure, light availability and interferences of local disturbances such as currents and anthropic structures. Sampling was carried out monthly in the Venice lagoon, and in May and July-August in the other sites.
All the collected taxa were determined at least at species level. It was very important to determine also the small epiphytes because many of them, especially the Corallinaceae, are characteristic of ''Good-High'' environments. In fact, during anoxic crises, water pH decreases markedly hampering the deposition of the calcareous crusts of these species which cannot survive.
After determining all the macroalgae, a score (0 = tolerant taxa, 1 = indifferent taxa, 2 = sensitive taxa) was associated to each macroalgal taxon (Table 1) according to Sfriso et al. (2006a and the mean score of all the recorded taxa was also calculated.
The WFD requires that the final score must range in an interval between 0 (''Bad'' status) and 1 (''High'' status), with reference to the best environmental conditions found in the stations defined as ''reference sites''. , by applying the E-MaQI in the studied Italian lagoons, found the highest macroalgal mean score in a high water renewal station of the Venice lagoon (score: 1.03 at st. 5 = Santa Maria del Mare). A little lower value was also found in a confinement station of Lesina lagoon (score 1.00 at st. 3 in the central part of the lagoon). As a consequence, the environmental conditions found in those stations were considered as the ''reference conditions'' for high water renewal and confined environments, respectively. A mean score equivalent to 1.0 was considered to show the highest environmental quality. The ratio between the mean macroalgal scores resulting from the taxa found in the study areas and the highest value found in the ''reference station'' represented the Ecological Quality Ratio (EQR = mean score/highest score ratio).
As EQR values were plotted in a continuum from 0 to 1 and for practical reasons that range was subdivided into five equivalent classes (''Bad'' conditions: 0-0.20, ''Poor'' conditions: 0.21-0.40, ''Moderate'' conditions: 0.41-0.60, ''Good'' conditions: 0.61-0.80, ''High'' conditions: 0.81-1.0), it was considered that scores could fall close to the borderline between two adjacent classes and that small changes could create confusion in the classification. Therefore the assessment of the ecological status of each sampling site was proposed by a ''class binomial''. The first class corresponded to the class where the EQR value fell, according to the mean macroalgal score, and the second one to the immediately upper or lower score-interval. For example, if the EQR ranged between 0.31 and 0.40 the environment classification would be ''Poor-Moderate''. On the contrary, in the case of EQR between 0.21 and 0.30, the classification would be ''Poor-Bad''.
Rapid-Macrophyte Quality Index (R-MaQI)
The R-MaQI is a routine ecological index based on the expert index (E-MaQI), the Rhodophyceae/Chlorophyceae ratio (Sfriso et al., 2002 (Sfriso et al., , 2006a Sfriso & La Rocca, 2005) and the general environmental conditions found in all the study areas . It takes into consideration the presence/ absence, the biomass and species assemblages of some macroalgae and seagrasses and the variability of some physico-chemical parameters such as water The index is structured as a dichotomic key where the conditions of soft and hard substrata are considered separately as reported by , but it was in part revised (Table 2 ). According to the environmental conditions found in the Italian lagoons, in soft substrata, the presence/absence of seagrasses allows a rapid distinction between the ''Bad-Poor'' and ''Moderate-Good-High'' classes both in high water renewal and confined areas. The following class separation can be obtained by taking into account the seagrass species, the population structure and their association with some macroalgae. In hard substrata and in the ''Bad-Poor'' classes of soft substrata, class distinction is based on the presence/absence or abundance of some macroalgal taxa such as Ulvaceae and Cladophoraceae considered at the genus or family level. For example, when macroalgae are almost missing or Ulvaceae and Cladophoraceae are sporadically present, waters are very turbid and the environmental conditions are highly instable, so the environment can be immediately assessed in the ''Bad'' class. In the presence of a low number of macroalgal taxa, which may belong to other families such as Gracilariaceae, but are able to bloom during the year, the environmental conditions are certainly better and the environment can be classified in the ''Poor'' class, although after blooming, a collapse usually follows.
The ''Moderate'' class is characterised by the appearance of seagrasses in the soft substrata and by the fact that the number of taxa of Rhodophyceae overcomes the one of Chlorophyceae. The ''Good'' and ''High'' classes are discriminated by the dominance of well structured seagrass-populations and by the presence or dominance of macroalgae such as Corallinaceae which grow in high-quality environments and are characterised by low nutrient and pollutant concentrations, high pH and good water oxygenation.
Usually, the presence of a high number of macroalgae is associated to a ''Good'' or ''High'' ecological status. However, the presence of few high-score taxa can show as high-quality an environment as the presence of a large number of taxa.
Study areas
Venice lagoon has a total surface of 549 km 2 and exchanges waters with the sea through 3 large mouths (Lido, Malamocco, Chioggia) whose width and depth vary from 400 to 900 metres and 12-20 (up to 50) metres, respectively. The lagoon mean depth is ca. 1 m and ca. 60% of its waters is exchanged with sea waters at every tidal change, although in areas close to the mainland tidal exchanges can last even 15-20 days.
The Venice lagoon is a very polymorphous environment with very different trophic and contamination levels. There are mesotrophic or hyperdystrophic areas which can be scarcely or highly contaminated. In addition, the environment exhibits areas with hyperaline, mesoaline or hypoaline conditions, and also areas affected by river outfalls, urban sewage, industrial effluents, harbour activities, clamharvesting and areas intensively drained by seawaters. The lagoon is colonised by seagrasses, macroalgae and phytoplankton each prevailing on the other according to the different ecological conditions .
Such conditions have made that environment the most suitable field for our purposes. Twenty sampling sites ( Fig. 1) were monitored monthly for one year (between 2003 and 2005) by collecting macroalgae and recording some hydrological parameters (i.e. water temperature, chlorinity, oxygen saturation, suspended solids, chlorophyll a and phaeopigments, reactive phosphorus, ammonium, nitrites and nitrates). Out of the 20 sampling sites, 5 stations (i.e. sts. 5, 7, 12, 14, 20) , which fell in the five different classes of ecological status proposed by the WFD, were also analysed separately. In fact, the availability of the nutrient concentrations (total, inorganic and organic carbon and phosphorus, total nitrogen) and the knowledge of the contamination status (organic and inorganic micropollutants) in surface sediments allow a more complete environment assessment.
The lagoon of Lesina is a shallow coastal pond (depth ca. 0.8 m, width ca. 50 km 2 ), which communicates with the southern Adriatic Sea through two narrow and shallow inlets: Acquarotta and Schiapparo Canals (width ca. 4-20 m, depth ca. 2-4 m). pr re es se en nt t, , are are a ab bu un nd da an nt t e es sp pe ec ci ia al ll ly y i in n h hi ig gh h r re en ne ew wa al l w wa at te er rs s. . R Ru up pp pi ia a s sp pp p. . n ne eg gl li ig gi ib bl le e o or r m mi is ss si in ng g i in n h hi ig gh h r re en ne ew wa al l w wa at te er rs s b bu ut t c ca an n b be e d do om mi in na an nt t i in n c co on nf fi in ne ed d e en nv vi ir ro on nm me en nt ts s. . S Se ea aw we ee ed ds s a ar re e n nu um me er ro ou us s, , e es sp pe ec ci ia al ll ly y R Rh ho od do op ph hy yc ce ea ae e, , b bu ut t e ea ac ch h t ta ax xo on n, , r ra ar re el ly y p pr re es se en nt ts s a ab bu un nd da an nt t b bi io om ma as ss se es s. . M Ma an ny y t ta ax xa a a ar re e e ep pi ip ph hy yt ti ic c s sp pe ec ci ie es s a an nd d m ma an ny y o of f t th he es se e f fo or rm ms s c ca al lc ca ar re eo ou us s c cr ru us st ts s o on n s se ea ag gr ra as ss s l le ea av ve es s. . H Ha ar rd d s su ub bs st tr ra at ta a: : P Pr re es se en nc ce e o of f m ma an ny y t ta ax xa a w wh hi ic ch h a ar re e sensitive sensitive t to o e eu ut tr ro op ph hi ic ca at ti io on n, , p po ol ll lu ut ti io on n, , t tu ur rb bi id di it ty y o or r o ot th he er r e en nv vi ir ro on nm me en nt ta al l s st tr re es ss so or rs s. Therefore, water exchange is low and salinity fluctuates in a wide range which depends on the river inputs and the seasonal rainfalls. The lagoon exhibits very homogeneous conditions which are characteristic of a highly confined environment. Except for the area close to Lesina centre, the lagoon shows mesotrophic conditions and low contamination levels. Four sites covering the main differences in that environment were sampled in May and July 2004 (Fig. 2) . The lagoon of Orbetello is a smaller basin of ca. 27 km 2 , ca. 1-1.5 m deep, which is divided into two basins (Ponente lagoon: ca. 15 km 2 and Levante lagoon: ca. 12 km 2 ) by the city of Orbetello and the bridge which connects the city with the Argentario rocky promontory. Ponente lagoon is connected with the sea through two small, shallow and narrow canals: Fibbia canal (3 km long) and Nassa canal (0.5 km long). Levante lagoon is connected with the sea through Ansedonia canal (1.5 km long). As a consequence the water exchange with the sea is very reduced, and Ponente basin is frequently affected by macroalgal blooms and anoxia.
In this lagoon four sampling sites were monitored in August 2005 (Fig. 2) . Three of them were selected in Ponente basin: one in the middle of the basin where environmental conditions are quite good, and the others close to Porto Scalo and Nassa oyster farms where environmental conditions are strongly affected by aquaculture and high seaweed production and collapse. Another station was selected in the centre of Levante basin which exhibits environmental conditions similar to the ones in the central part of Ponente lagoon.
Sacca di Goro, which is placed in the southern part of the Po delta, is a large marine embayment (width: ca. 20 km 2 and mean depth ca. 60 cm). It communicates with the northern Adriatic Sea through a large (ca. 1.5 km wide) and shallow (ca. 1 m depth) inlet which extends from Volano Lido to the ''Scannone'', a long sandy bank which widens year by year reducing the lagoon mouth. The basin is affected by the outflows from Po di Volano, Po di Gorino and other canals regulated by pumping plants. Sampling was carried out in May and July 2004 in four stations representative of the main environmental differences of the basin (Fig. 2) .
Mar Piccolo of Taranto is a marine bay of ca. 20.7 km 2 , ca. 8 km long and 3 km wide, subdivided into two smaller basins called the First and the Second inlets, separated by two land promontories. Two canals connect the First inlet with Mar Grande basin allowing a good water renewal. Both basins are rather deep: 12 metres in the First inlet and 8 in the Second inlet. Most freshwater inputs come from ca. 30 submarine springs. Two stations of the lagoon, one in each of the basins, were sampled in late July 2006.
Marano lagoon and Grado lagoon are an unique geographical complex separated by the administrative border between Udine and Gorizia districts. The two lagoons are situated in the Northern Adriatic Sea between the Tagliamento and Isonzo rivers. Their surface is ca. 160 km 2 with a coastal extension of ca. 32 km 2 and a mean width of ca. 5 km. They are separated into two basins of similar surface by Porto Buso inlet. The lagoons' hydrodynamics and morphology are very similar to Venice showing shallow waters and a high water exchange which discriminates areas with marine characteristics from confined areas which are close to the tidal lands. The mean water exchange is 8.7 9 10 3 m 3 s -1 during a syzygial tide (Dorigo, 1965) whereas the average freshwater inflow is 108 m 3 s -1 , 78 m 3 s -1 of which enters Marano lagoon (Marocco, 1995) . Marano lagoon is not affected by the anthropic pressures of Venice lagoon, but its sediments are contaminated by high concentrations of Hg and As, of natural and industrial origins. Samplings occurred in April 2007 in four areas placed between Porto Buso inlet and the salt marshes close to the tidal lands.
MaQI validation
The validation of E-MaQI was set up in 20 stations of the Venice lagoon by relating the results obtained by sampling macroalgae and the main hydrological parameters (temperature, chlorinity, oxygen saturation, chlorophyll a, phaeopigments, suspended solids and nutrient concentrations). Additionally 5 stations out of the original twenty were chosen to test also the relationship between macroalgal taxa and the concentrations of nutrients (total, inorganic, organic carbon and phosphorus, total nitrogen), and organic (PCBs = Polychlorinated Biphenils, PAHs = Polycyclic Aromatic Hydrocarbons and PCDD/F = polychloro-Dibenzo-Dioxins/Furans) and inorganic (some metals, i.e. Pb, As, Hg, Cu, Zn, Cd, Cr, Ni) pollutants in surface sediments, because they represented the 5 classes of the different ecological status suggested by the WFD.
The physico-chemical parameters, the nutrient concentrations in the water column and surface sediments and the pollutant concentrations in surface sediments used to characterise the selected sampling areas were retrieved from previous projects or from literature (Argese et al., 1997; Sfriso, 2000 Sfriso, , 2005 Sfriso, , 2007 Secco et al., 2005; Sfriso et al., 2005a, b; Zonta et al., 2006a, b) .
Macrophyte sampling procedures and environmental parameters
Seaweeds and seagrasses were recorded by hand during low tides and by SCUBA divers. All the taxa were sorted and examined fresh when possible, or after fixation with 4% formaldehyde, neutralised with hexamethylenetetramine, by means of a stereoscope and a light microscope. When possible, all the macrophytes were determined at species, subspecies, variety and form levels by means of the most recent taxonomic keys and nomenclature revisions (Furnari et al., 1999 (Furnari et al., , 2003 Guiry & Guiry, 2007; Sfriso & Curiel, 2007) .
Statistical analyses
The relationship between the bio-physico-chemical parameters, the nutrient concentrations in the water column and the macroalgal taxa found in the 20 stations of the Venice lagoon was investigated by means of the Spearman's correlation coefficients and the cluster analysis. The STATISTICA STAT SOFT vs 7 software package (STATISTICA, 2006) was used to carry out the statistical analyses. The correlation analysis was also applied to the five stations, representing the 5 classes of different ecological status.
Finally all the stations were analysed by applying the canonical correspondence analysis (CCA) in order to show how the environmental variables and pollutants were correlated to the different macroalgal taxa. Data were processed using CANOCO v 4.5 software (CANOCO, 2002; Ter Braak & Smilauer, 1998) .
Results
Station assessment
All the 5 classes of ecological status were found in the Venice lagoon (Figs. 1, 3) , and in the 20 stations, 219 seaweed and 4 seagrass taxa were recorded. On a yearly basis, the number of taxa ranged from ca. 175 ( At Lesina all the classes, except for ''Bad'', were recorded (Fig. 2) . In May and July 2004 only 30 macroalgal taxa (i.e. 16 Chlorophyceae and 14 Rhodophyceae) and 2 seagrasses (Ruppia cirrhosa (Petagna) Grande and Nanozostera noltii (Hornemann) Tomlinson et Posluzny were found. No Phaeophyceae were recorded in this lagoon. The number of species ranged from 18 at st. 1, close to the Lesina centre, to 10 at st. 2 near the Acquarotta. Station 3, placed in the central part of the basin, showed the best environmental conditions of all the confined areas of the studied lagoons with a mean score of 1.00. This result was very close to the value found in the high renewal reference station placed in Venice lagoon (1.03). Station 3 exhibited a wellstructured N. noltii population and some macroalgae with a high ecological value such as Valonia aegagrophyla C. Agardh and Chaetomorpha linum Just like Lesina, the lagoon of Orbetello showed areas with different ecological status, but not one exhibited high quality conditions (Fig. 2) . In Orbetello, 21 macroalgae and 2 seagrasses (Ruppia cirrhosa, Nanozostera noltii) were recorded and the species richness ranged from 1 (st. 3) to 17 (st. 1).
The lagoon of Goro showed very homogeneous conditions. The four studied areas ranged from ''Bad'' to ''Poor'' status. In Goro neither seagrasses nor Phaeophyceae were found and Ulvaceae were the main population. The number of taxa ranged from 5 (st. 1) to 9 (sts. 2 and 4).
By applying E-MaQI in some stations at Marano lagoon (3 stations) and in Mar Piccolo at Taranto (2 stations), EQR values resulted to be lower than the ''reference conditions'' found in Venice and Lesina. EQR ranged between 0.38 (''Poor'' conditions) and 0.87 (''High'' conditions) at Marano and between 0.80 (''Good'' conditions) and 0.95 (''High'' conditions) in Mar Piccolo. Table 1 reports the scores assigned to each macroalgal taxon found at Venice, Goro, Lesina and Orbetello integrating the results reported in Sfriso et al. (2006a with additional taxa found during successive sampling campaigns and at Marano and Taranto.
MaQI validation
Macroalgal parameters (i.e. the total taxa, the number of Rhodophyceae, Chlorophyceae and Phaeophyceae, the percentage of the same classes, the Rhodophyceae/Chlorophyceae ratios and the E-MaQI determination) are shown in Table 3 . The number of Chlor. = Chlorophyceae; Rhod. = Rhodophyceae; Phaeo. = Phaeophyceae; R/C = Rhodophyceae/Chlorophyceae; E-MaQI = Expert-Macrophyte Quality Index; No. = number of species; %Chlor., %Rhod., %Phaeo. = percentages of these classes on the total taxa number taxa ranged from 38, in two canals placed in Venice and Lido islands (sts. 10 and 20) , to 175 at Santa Maria del Mare (st. 5), the station considered as the ''reference area'' when comparing environments with high water renewal. Table 4 reports the mean results of the biophysico-chemical parameters recorded in the water column of the 20 stations. Values are very different, especially those referring to the oxygen saturation (range: 74-229%), suspended solids (range 14-65.5 mg l -1 ), chlorophyll a (range 0.9-13.2 lg l -1 ) and nutrient concentrations.
The Spearman's coefficients (Table 5) show very significant correlations between macroalgal parameters and DIN, nitrates, ammonium, RP, chlorinity and interesting correlations with FPM and Phaeo a. The correlation was direct with chlorinity but inverse with the nutrient concentrations. Moreover, if we examine data closely, it is possible to observe that Chlorophyceae and Rhodophyceae percentages exhibit inverse correlations, thus confirming that the R/C ratio can also be correctly employed to classify the environment as proposed by Sfriso et al. (2006a, b) .
The cluster analysis by using the Euclidean distances helps discriminate the station associations clearly (Fig. 4) . There are two main clusters, one with ''High'' (sts. 2, 5, 6 18) and ''Good'' (sts. 1, 7) ecological status stations and another which includes all the others. The latter contains one cluster with two ''Good '' stations (sts. 3, 8) , colonised by seagrasses, and another with two sub-clusters, one including ''Bad' ' (sts. 10, 20) and ''Poor'' (sts. 13, 14) stations and another also divided into two groups grouping ''Poor' ' (sts. 11, 15) and 7, 9, 12, 16, 19) stations.
By examining the values of the parameters recorded only in the five stations (sts. 5, 7, 12, 14, 20, Table 6 ) we can observe that, except for the Phaeophyceae percentage, macroalgae are significantly correlated with the oxygen saturation, the amount of FPM and SPM, the sediment grain-size, salinity and in the case of the Chlorophyceae and Rhodophyceae percentages with PCDD/F, Pesticides, Pb, As, Cd and Zn concentrations ( Table 7) .
The canonical correspondence analysis (CCA) was applied to all the 219 taxa reported in Table 1 keeping the analysis in the 20 stations without pollutants (Fig. 5) separate from the one in the 5 stations where pollutants in surface sediments were also available (Fig. 6) . The analysis was performed by considering both the taxa and the stations versus the environmental variables.
In the first case (taxa versus variables in the 20 stations) the taxa characterised by score 0, 1 and 2 were considered separately, in order to obtain a clearer separation of responses (Figs. 5, 6 ). The taxa with score 0 were mainly plotted according to DIN, RP, FPM and Chl a vectors (Fig. 5a) . The species which shifted from that arrangement were rare or occasional taxa recorded in a small number of stations. The taxa with score 2 were clearly opposite to the trophic variables and associated with high salinity and oxygen levels (Fig. 5c ). The taxa with score 1 were scattered over the whole plotted area (Fig. 5b) . The inverse analysis (stations versus the environmental variables, Fig. 5d ) showed that the stations of low environmental status were plotted according to the trophic vectors.
The same results were obtained by considering the 5 stations of different ecological status (sts. 5, 7, 12, 14, 20, Fig. 6 ). In that case most of the taxa with score 0 were plotted according to trophic and pollutant vectors whereas taxa with score 2 were plotted on the opposite side characterised by high oxygenation (OD), water transparency (Wtran) and salinity. The taxa with score 1 were scattered over the whole plotted area. The inverse analysis (Fig. 6c) showed that the 5 stations were very differently placed. Sts 20 (Bad) and 14 (Poor) were plotted according to most of the environmental vectors. St. 12 (Moderate) was plotted only according to the Cr and FPM vectors, and sts. 7 (Good) and 5 (High) on the opposite side of most of the environmental variables.
Discussion and conclusions
Reference sites
One of the main difficulties was the choice of the ''Reference stations'' according to the WFD requirements, because transitional environments exhibit very changeable conditions. Moreover the ecological differences between the considered transitional environments are very high. Venice, Marano and Grado lagoons exhibit high water exchanges, but they also have wide confined areas. In these basins trophic and pollution conditions are very different and salinity Phaeo. a = phaeophytin a; RP = Reactive Phosphorus; DIN = Dissolved Inorganic Nitrogen gradients are marked. Vice versa, Orbetello and Lesina lagoons are almost closed environments with negligible water renewal and low pollution differences inside the same basin. Mar Piccolo is a deeper basin which is also considered as a marine embayment, whereas Sacca di Goro is a brackish basin in the Po delta; it is strongly affected by the river Po and shows continual morphological changes. These environments present different habitats which are hardly comparable, especially when we consider high water renewal areas and confinement areas where water renewal is negligible. In the last decades, most of the transitional environments, and particularly their inner areas, have been affected by a high anthropic impact which made the presence of natural and uncontaminated environments very rare. For example, natural or low contaminated environments do not exist at present in Venice or in Marano lagoons, where confinement areas and salt marshes exhibit conditions markedly low than before the 1980s, but they still survive in the lagoon of Lesina. Unfortunately, environmental data to support those changes are rare or do not exist and the comparison is based on the memory of fishermen who know well the environmental changes that occurred in the last decades. As a consequence, whereas relatively high conditions and ''reference areas'' can still be recorded in Venice and Marano areas characterised by high water exchanges, for confinement areas high environmental conditions must be searched in other basins such as Lesina. Lesina lagoon, with the exception of its western area which is strongly influenced by the wastes from its centre and the effluents of a buffalo farm, shows high and natural conditions and st. 3 in the central part of the lagoon was selected as ''reference site'' for confinement areas.
The conditions recorded in the two ''reference sites'' were considered as the ''reference conditions'' for these extremely different environments and employed to adjust the dichotomic key set up for R-MaQI by . The almost equivalent mean macroalgal scores found in these two stations were considered the reference values to normalise the other results recorded in other areas (EQR value determination).
MaQI validation
The presence and abundance of the main macrophyte taxa (i.e. Chlorophyceae, Rhodophyceae and Phaeophyceae) and the single species recorded in specific transitional environments are put in relation with the main hydrological and sedimentary parameters, including the organic and inorganic pollutants found in the same areas. Results show that the environment assessment, based on the macrophyte assemblages, appears well supported by the different environmental conditions, the recorded pollutant concentrations (Tables 4, 6 ) and the statistical elaborations of these data (Tables 5, 7; Figs. 4, 5) . In fact, in all the 20 stations of the Venice lagoon, all the considered parameters show increasing or decreasing values according to the change of the macroalgal composition (i.e. number and percentage of taxa), the Rhodophyceae/Chlorophyceae ratio and the mean macroalgal score determined by applying the E-MaQI. Stations with a similar ecological status appear well grouped by the cluster analysis (Fig. 4) showing similar macrophyte assemblages and the single species appear well related with or in opposition to the main variables associated to the ecological status of the considered stations. In fact, the CANOCO analysis (Figs. 5, 6 ) also confirmed that species associated to high scores grow only in areas where pollutants are low, waters are transparent and no anoxia occur. Such results are particularly evident by examining Tables 6 and 7 where we can see that the number of taxa, the R/C ratio and the percentage of Rhodophyceae, with the exception of the oxygen concentration and water transparency which are directly correlated to the ecological status, are significantly and inversely correlated to all of the bio-physico-chemical parameters of the water column and to the concentration of nutrients and pollutants in the surface sediments. An exactly opposite behaviour is exhibited by the Chlorophyceae percentage, whereas no significant correlation is displayed by the Phaeophyceae percentage.
In addition, the analysis of the seasonal variation of those parameters per single station (data not reported) put in evidence that the high seasonal variability of salinity, turbidity, oxygen saturation and the nutrient concentrations usually characterise ''Bad'' or ''Poor'' environments. In contrast, the areas which exhibit low seasonal variations, also in the presence of low salinity values and relatively high nutrient concentrations, may exhibit ''Good'' or ''High'' conditions as it was observed in the lagoon of Lesina.
E-MaQI and R-MaQI coupling
The application of the E-MaQI is rigorous, but time consuming. It can be applied only by experts in macroalgal taxonomy. Its application is suggested when the environment is assessed for the first time; it can then be repeated with a 3-6-year frequency or in case of evident environmental changes. This procedure allows a precise classification of the environment by a class binomial that includes some variance degree. The results are reliable in the presence of a complete list of the taxa which colonise the study areas and in the presence of at least 15 taxa. Samples may Fig. 4 Cluster analyses of the 20 Venice areas cover the main seasonal changes but their number should never be lower than 2, one in April-May and the other in September-October. When the number of taxa is lower than 15, the observation of the possible blooming of some nitrophilous species and the measurement of some physico-chemical parameters (i.e. dissolved oxygen, chlorinity, water transparency, percentage of grain-size\63 lm and, when necessary, nutrient concentrations in the water column) help the environment classification, as confirmed by the CA-NOCO analyses. It is important to underline that the presence of abundant populations with few score 2- taxa or the simultaneous presence of many score 2-taxa (Table 1) , but with negligible biomass, is sufficient to classify a ''High-status'' environment. The same results can be obtained by applying the R-MaQI which can be used also by non-experts and provides an almost immediate classification. That index was set up as a dicothomic key (Table 2) where the ecological conditions of the study areas, the composition and structure of the seagrass meadows, the R/C ratio and the expert index are compared with the ''reference areas''. In the Mediterranean sea, only 7-8 seagrasses are present (Buia et al., 2003) , and the density of their populations is an important diagnostic parameter because these plants are very sensitive to eutrophication, pollution and environmental stressors.
R-MaQI was set up by considering only taxa or macrophyte assemblages whose presence/absence and abundance can be considered as indicators of particular environmental conditions (Table 2) . We found out that in the studied Italian lagoons, the complete absence of seagrasses is, in general, strictly associated with marked environmental stress factors. In such environments, the lack of seagrasses allows a rapid discrimination between ''Bad-Poor'' and ''Moderate-Good-High'' environmental conditions. ''Bad'' and ''Poor'' classes can be distinguished by the No. = Number; Chlor. = Chlorophyceae; Rhod. = Rhodophyceae; Phaeo. = Phaeophyceae: E-MaQI = Expert-Macrophyte Quality Index; OD = Dissolved Oxygen; FPM = Filtered Particulate Matter; SPM = Settled Particulate Matter; Chl. a tot = total Chlorophyll a; RP = Reactive Phosphorus; DIN = Dissolved Inorganic Nitrogen; Corg = organic Carbon; Ntot = total Nitrogen; Ptot = total Phosphorus; Porg = organic Phosphorus; PCDD/F = Polychloro-Dibenzo-Dioxins/Furans; PAHs = Polycyclic Aromatic Hydrocharbons; PCBs = Polychlorinated Biphenyls presence or absence of blooming macroalgae, respectively, whereas ''Moderate-Good-High'' classes take into account both the seagrass population structure and the seaweed associations and are relatively easy to assess in soft bottoms. In the case of hard substrata, the environment classification depends on the prevalence of some macroalgae and on the abundance of some species with a high score (Table 1) such as the Corallinaceae which are very sensitive to eutrophication and pollution. In fact, eutrophic or very polluted environments usually exhibit frequent anoxic crises (Morand & Briand, 1996; Schramm & Nienhuis, 1996) , high sedimentation rates (Sfriso et al., 2005a) and pH values lowering down to 7.00 (Sfriso et al., 1987) . In those conditions, the presence of calcareous macroalgae is hampered. Because of its structure, R-MaQI places the studied areas directly into one of the 5 classes of ecological status. As for E-MaQI it uses a classification by a class binomial indicating also the ecological class closer to the main class. This allows to mediate the seasonal changes and reduce doubts due to the presence of ecological conditions which sometimes do not apply to only one class.
The assessment of the Italian Transitional environments by macrophytes and the application of different sampling efforts are also suggested by the Central Institute for the Scientific and Technologic Research Applied to the Sea (ICRAM, 2007) in the ''Protocols for sampling and determining the biological and physico-chemical quality elements in the framework of transitional water biomonitoring plans'' according to the WFD. ICRAM suggests the application of ''Control biomonitoring'' every 6 years and ''Routine biomonitoring'' every year, both by means of two seasonal samplings, in April-May and in September-October.
The sampling of macroalgae is separated from that of seagrasses. However, the protocols include the determination of the biomass coverage, density and taxa determination at genus or species level.
